INTRODUCTION
In patients with chronic renal failure a complex of symptoms is observed, usually called uremia. ',* These symptoms are caused by a disturbance in the homeostatic function of the kidney, resulting in hormonal and metabolic disorders and in retention of water and toxic metabolites. As clinical therapy these patients undergo a regular treatment with an 'artificial kidney'. Analytical information is important for the improvement of this treatment. It may also contribute to a further understanding of the biochemical processes that are important in uremia.
The gas chromatographic (GC) profiling of uremic serum, using glass capillary columns, has been reported previ~usly.~ The identification of a number of components was described briefly. In this paper chemical ionization (CI) mass spectrometry (MS) of trimethylsilylated (TMS) components in uremic serum will be discussed in detail, and will be compared with the electron impact (EI) technique.
To our knowledge the literature on CI mass spectral data of TMS derivatives that are of interest here is rather limited. Krutzsch and Kindt4 identified TMS dipeptides with isobutane CIMS, and Budzikiewicz and Meissner' published isobutane CI spectra of a series of TMS amino acids. Ariga etaL6 reported on CI spectra of methoxime-TMS derivatives of various prostaglandins with different reagent gases. Murata and Takahashi' characterized TMS derivatives of some D-hexoses by means of ammonia CIMS, while Horton and Wander analysed various types of derivatives of sugars by ammonia CIMS.8 Johnson et al. 9 utilized pyridine as a reagent gas for the characterization of glucuronides. Hogg and Nagabhushan" studied the CI spectra of 0-acetyl t Author to whom all correspondence should be addressed. derivatives of monosaccharides and disaccharides with different reagent gases.
The CI spectra of TMS aldoses, alditols, aldonolactones, aldonic acids and Krebs cycle acids, using isobutane as the reagent gas, have not been reported. Therefore, we wish to report on our results with CJMS of these classes of compounds.
EXPERIMENTAL

~ ~~~~
Sample preparation and gas chromatographic profiling was carried out as described previ~usly.~ Carrier gas velocity (He) was between 20 and 25 cm s-'. Glass capillary columns (0.25 mm i.d., 45 m), gas phase deactivated with Carbowax 20M'l and coated with SE-30 stationary phase, were used. Separations were carried out using temperature programming: 110 "C for 2 min, 5 "C min-' to 210 "C, isothermally at 210 "C for 30 min. Samples were injected by means of a 'moving needle' type injector.'* GCMS was performed on a Finnigan 4000 dual EI/CI instrument (Finnigan Corp., Sunnyvale, California, USA). Isobutane, purity grade CH 35 (\'Air liquide, Paris, France) was used as the reagent gas in the CI mode. It was introduced into the ion source via the coaxial interface ('make-up line') of the instrument. The ionizer pressure in CI was 10 Pa gauge reading, unless otherwise indicated. A Pt/Ir capillary (60 cm, 0.1 mm i.d.) served as the GCMS interface, which was maintained at a temperature of 245 "C. The gas chromatographic column was directly coupled to this interface by Teflon shrinkable tubing. The mass spectrometric operating conditions were: electron energy 70 eV in both EI and CI, source temperature 250°C in EI and 220 "C in CI, quadrapole offset voltage 5 V, multiplier voltage 1700 V. Table 1 .
RESULTS A N D DISCUSSION
Identification
Pretreated serum samples3 were injected onto the GCMS instrument and showed total ion current (TIC) chromatograms like the example shown in Fig. 1 . About 25 peaks from this TIC chromatogram were identified by EI and CI mass spectrometry and are listed in Table  1 . Most of these components appeared to be accumulated in uremic serum and are more or less effectively removed by hemodialysis treatment (dialysis ratio higher than 1 .43). A number of components gave multiple peaks as a result of the derivatization method, or as a result of the presence of isomers in the serum sample. Mass spectral reference data for EI spectra were obtained from Markey et a1.I3 and Heller and Milne.14 It was expected that, contrary to EI, the CI spectra would reveal mostly molecular weight information rather than structural information. It appeared that both features were combined in the CI spectra, dependent on the ionizer pressure of the reagent gas.
Influence of reagent gas pressure
To study the pressure dependence of CI spectra, the following pure compounds were trimethylsilylated and introduced into the ion source via the gas chromatograph: fructose, arabinitol, arabinonic acid, tartaric acid and malic acid (the last compound is not usually detected in uremic serum; it was included in this study as well as arabinose and 1,5-glucolactone).
The influence of the reagent gas pressure on the TIC and on the CI spectra is summarized in Fig. 2 . Figure 2(a) shows the relationship between the abundances of the most important ions in the isobutane plasma and of its TIC respectively, and the ionizer pressure. The ionizer pressures given are gauge reading values. The data from Fig. 2 (a) are comparable with those published by Field" who stated an accuracy of 10% for the absolute pressure measurement. It can be seen that the plasma composition is altered in favour of the ion at m / z 57 ([t-C4H9]') with increasing pressure, while the [C3H3]+ and [C3H7]' ions (at m / z 39 and 43, respectively) become less important. Furthermore, it is obvious that the TIC decreases markedly at pressures over 20Pa. This explains why the TIC of different compounds ionized by the isobutane reagent gas, decreases in a similar manner with pressure [ Fig. 2(b) ]. Optimization of the source controls (e.g. electron energy variation between 45 and 110 eV) did not lead to higher TIC values. However, some influence on the isobutane plasma composition and on spectral appearance was observed. In Fig. 2(b) the TIC value for a certain amount of derivatized compound at a reagent gas pressure of 10 Pa was taken to be 100%. The statement by Field16 that CI leads to a higher sensitivity than EI, could not be confirmed. On the contrary, under optimized conditions in CI as well as EI, total ion current in CI was substantially lower than in EI for the same amount of compounds injected. Figure  2 generally present in the EI spectra of trimethylsilyl derivatives of these compounds in high abundance.
Moreover, this ratio reaches higher values at higher reagent gas pressures for tartaric acid and for other diand tricarboxylic acids like fumaric, malic and citric acid, which are not included in the Figure. In all experiments care was taken that the partial pressure of the sample remained smaller than 0.001 x P (i-C4Hl0). Figure 3 shows CI spectra of TMS derivatives of malic acid and arabinitol at different reagent gas pressures and EI spectra. It is obvious that the abundance of molecular ions and abundances for simple cleavage ions are enhanced as pressure increases. A more detailed description of the spectra is given below.
Comparison of EI and CI spectra
For the following classes of trimethylsilylated compounds isobutane (1 0 Pa) CI spectra as well as EI spectra were recorded. Many fragment ions in CI have m/z values that correspond to peaks in the EI spectra. Their structures are assumed to be the same in both EI and CI. The most probable structures are given below in parentheses. The CI (isobutane) spectra are summarized in Tables 2 and 3 .
Aldoses
In parallel to EI spectra" the isobutane CI spectra of the al$oses ( Table 2) resulting from ring cleavage under EI conditions, were not seen in the CI spectra of galactose and fructose. In general it can be concluded that increasing the reagent gas pressure leads to an enhancement of the cleavage of protonated functional groups (TMSOH) and a decrease in the role of rearrangement or (ring) cleavage processes.
Alditols
The alditol CI spectra also have a number of ions in common with the corresponding EI spectra. In contrast to these results Wauters etal. did not find any molecular ions in the CI isobutane mass spectra of trimethylsilylated poly01s.'~
Aldonolactones
The E I spectra reveal molecular ions at m / z 466 for both glucono-1,4-and -1,5-lactones. CI spectra ( Table   2 ) exhibit [M + 1]+ ions for these compounds in a higher abundance. A distinction between the two can be made in both E I and CI on the basis of the relative abundances of the ions at m l z 217 and 319.
Krebs cycle acids Aldonic acids
Arabinonic acid yields a [M+l]+ ion. However, gluconic acid showed a highest mass ion at m / z 613 ([M + 1 -CH4]+) ( Table 2) . Apart from the known rearrangement ions, the CI spectra of the aldonic acids showed a m / z 292 ion, similar to the corresponding EI spectra.*' This ion is a result of a McLafferty-type rearrangement of a trimethylsilyl group, occurring with some hydroxy carboxylic acids or dicarboxylic acids. Ions at m / z 319, 217 and 205 can be rationalized similarly to the alditol spectra. Fig. 3 ).
Amino acids
The spectra of identified amino acids (peak numbers 22, 26b and 30 in Fig. 1 and Table 1 ) were in accordance A. C . SCHOOTS AND P. A. LECLERCQ with those published by Leimer et dZ1 and Budzikiewicz and Meissner.' However, differences in the abundances of various ions occurred as a result of different operational conditions in our measurements.
In conclusion, chemical ionization mass spectra at lower reagent gas pressures (10 Pa, isobutane) give information on molecular weight as well as on structure. Whereas the EI spectra of the investigated compounds normally contain very few ions in the higher mass region, molecular ions are found in the CI spectra of many trimethylsilylated compounds of medium molecular weight, with the exception of the aldoses.
At higher pressures (e.g. 36Pa), the loss of one or more TMSOH groups becomes the prevailing fragmentation pathway.
The total ion current appeared to be inversely proportional to the reagent gas pressure. This can be explained by assuming a limitation of the penetration of the electrons into the ion source.
Chemical ionization with isobutane as the reagent gas can be a good aid in the identification of trimethylsilylated compounds in addition to EI spectra. 'Medium' ionizer pressures (10-25 Pa) must be chosen to maintain a reasonable total ion current of the sample
